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FIELD: plastic working of metals, in particular, cold plastic deformation method. SUBSTANCE: method 
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(54) cnOCOB W3rOTOBJlEHWH JIEilHEPOB 
(57) Abstract 

Mcnojib30BaHne: o6pa6oTKa weraruioB flaaneHMeM, b uacTHocro, o6pa6oTKa wero^OM xan o^hom 
nnacrowecxott He^opMaqmi. Cymjiocrb H3o6pereBHH: H3roTaB7iMBaiOT flee fleTama - Tpytfy h o6onoHKy to 
MaTepnanoB c paamraHMM npejjejioM ynpyrxxrm. Co6npajoT ynoMnnyrbie ^erajiM nyreM ycraHOBKM Tpy6bi b 
o6ono«iKy c 3a3opoM. nocne cGopKM nnacTMMecKoft np$apuau)&i\ noflBepraioT fleTajrib, H3rxm>BJieHHyx> M3 
MeTajuia c uenbumM npe^enoM ynpyrocTn. 2 mi. 



Description (OmicaHHe H3o6pcTcnH5iI 



H3o6peTeHMe othocutch k xo/ioahoh o6pa6oTKe MeranjioB rtnacnwecKHM Ae4*>pMHpoBaimeM M womer 6wTb 
ncnonb30BaHO, HanpuMep, n/i« raroToancHMH neKHepOB ^hr uymmjipOB mTaHrx)BUX hc^>tomi>lx HacocoB. 

M3BCcreH cnoco6 H3roToanenn« newnepoB. coraacHO KoropoMy TGHKocrcHHa* xpy6a BcraBJiHercH b 
o6onoMKy c 3a3opoM |]| Mtmpy HapyjRHow no BepxHocTtwo Tpy6w h BHyrpeHHew nooepxHOCTbio ooonoHRH 
HMeercR 3a3op. 

HewocraTKOM npwBefleHHoro cnoco6a HanHerc* HaniwHe 3a3opa Mera/jy rpyfow h odojiohkom, npHBOflnmero 
k cHMmcHHio JKOCTKOCTM JiCMJicpa. a b HCKOTOpbix cjiy^awx, HarrpwMcp, npH H3TxrroancH™ nycmtnppoB 

HafrraHbix HacocoB H3 neimepoB. 3aoop 3Ha^orrenbU0 amaaeT Kanecroo nocjieAywiAeH onepanjm 
ynpowemiH BHyrpeHHeM noBepxHOCTM ujuiKHRpa a30TwpoBa™eM. 

M3BecTCH cnoco6 mroToancHUH jieibiepoB, cornacHO KOTopoMy HapyjKHyio noBepxHocrb rpy6bc h 
BHyrpcranoH) noBcpxHOCTb 060/10*001 iraroTasnHBaioT kohhticckhmh |2| He^ocTaTKOM BbnneonsicaHHoro 
cnoco6a HarmeTOi to, mto oh cnoraHbiit b ocyn^ecxaneHHM. CnojSHocTb npeAcraanHer H3TOToaneHwe 
conpHraeMbtx noBepxHocrcH hdo TpeoyercH crporo comacoBarb onHoocHOcrb kohhhcckom BHyrpeHHew 
noaepxHocTM ooohomkh c kohmmcckoh HapyxHoif noBepXHOCTbio rpy6bi. 

TaKwe R3BQCTCH cnoco6 TOroToarieHKH neKHepOB, cornacHO KOTopoMy nocne coopKH Tpy6w c o6ojiomkom c 
HCKOTOpbiM 3a3opoM no conpHraeMbiM noBcpxHocTHM, jieftHep noABeprax)T aBTO^perHpoBaHHio (cm. raw Ke 
crp.38) 131 t. c imacnwecKOH jje^opMaijKn Tpy6bi c uejiuo ycrpaHeHMH saaopa ucxpy Tpy6ofi m o6ojio^koh, 
h o^HOBpeMeuHoro ynpowHeKWH Tpy6w. 

H^ocTancoM roBecrnoro cnoco6a iraroToaneHHH ncfiHepoB HBrnrercH to, wto npw CKperuieHHM neHHepoB 
nocpe^CTBOM njiacriraecKOH pfifyopuauym o^iiofl M3 RcraneR jieitaepa (o6o/ioukm hjih Tpy6bi), He 
ywrbiBaioTCfl MexaHiraecKHe cBoiicTBa MerannoB. vro He no3BOJiHer o6ecnem«Tb KatiecrseHHoro, 
6e33a30pHoro cKpervieHHH rpy6bi c o6ono*mow w, kok cneACTBHe. npHBo^HT k HTOKOMy KanecrBy K3^ejntH b 
uejioM. 

Hanpnuep, npn roroTOBneHUH uhjihhrpob hc^thhidDC nrraHTOBboe HacocoB to cKpenneHHbix jieitaepoB, r^e 
Tpy6a rororaanHBaeTCH to BbicoKonerwpoBaHHow a3ornpyevioH crajiM, a o6ojiouKa to HTOKoyrneponiicTOH 
cranH, TO-3a BtnneyK aaaHHoro He^ocraTKa b npoqecce a30TMpoBaHMH unramflpoB H3 3aoopa Bfoi^ejiHxrrcn 
ra3bi, npenHTCTByioinMe HOpManbHOMy nporeKaHHio npouecca a30TnpoBaHHH, b peoyjibTare uero pe3K0 
B03pacraer BpeMH a3onipoBaHHH h CHUwaeTcn KanecTBO a3OTHp0BaHHfl noBepxHOCTH ujuniHApa h Hacoca b 
uejioM. 

3a^a^eM TOo6peTeHM« hbjihctch paspaooTKa cnoco6a H3roToaneHKH jietoepoB, o6ocneuwBaioir;ero 
KauecTBeHHoe 6e33a3opHoe coe^HHeHMe Tpy6bi c o6ojiowom m noBbuneHwe wecTKocTM /ieHHepa. 

YKaaaHHbiH TexHHHecKMH peoyjibTaT ftocrKraercH tcm, uto npn TOroTOBJieHMM jiewHepa, emnoMaiomero 
raroToaneHMe n^Byx AeTaneM Tpy6bi m o6ojiowkh m c6opKM kx npyr c ppyrou c 3a3opoM, corjiacno 
TOo6peTeHHK) iuiacnwecKOMy Ae<J>opMMpoBaHino no^sepraioT ReraJib. TOroroaaeHHyio to MeTanna c 
MeHbmHM npenenoM ynpyrocrw . 

Pe3yjibTaxoM peineHHH noeraBneHHoi* 3aAa™ nsnncvcfi to, mto npw B03AewcTBMM na flera/ib, 
TOroTOBJieHHyio to Meraruia c MeHbmwM npeAenoM ynpyrocrM nepe3 Hee mu D03AewcTByeM Ha flerajib c 
6ont>nJHM npcAejioM yrrpyrxxmi. 

nocne cHHTHfl Harpy3KH b Aerajui c mchwitkm npeAenoM ynpyrocTM ocraioTCH ocraTOWbie nnacTWMecKMe 
Ae<J>opMaHWH, a j\<rraju> c 6arrbuniM npeAenoM ynpyrxjCTH npuvieT coon nepBOHanajibHbie paswepbi m 
6e33a30pH0 npunfOKer k conpnraeMoA noBepxHOCTM ynpyrofl Aerarm. 

Ha <|)Hr. 1 K3o6pajKeH cnoco6 coeAHHeimn Jievbiepa. b KoropOM o6o/iouxa H3roToaneiia M3 MerarLna c 
MeHbimra npeAenoM ynpyrocTM, a Tpy6a TOPOToanena H3 werajuia c oonbniHM npeAe/ioM ynpyrocTM; na 
<J)nr.2 cnoco6 coenMHeinui jiewHepa, b kotodom o6ojioMKa TOroroanena ro Meraruia c 6ojibrroiM npeAeJioM 
ynpyrocTM, a Tpy6a n3roTOBnena H3 MeTa/uia c MeHbiiiMM npeAeJioM ynpyrocrw . HevtHepa M3roTaHnMBaioT 
cneAyiouBiM o6pa30M. 

nepDonaManwfo M3roTannMBaioT o6ojioMKy I. nocne 3aMepa BHyrpeHHero A^aMerpa o6ojiohkm 1 
o6pa6aTbiBaiOT no napy^KiioLi noBepxHOCTM Tpy6y 2. o6ecneMMBaH rapaHrwpoBaHHbui 3a3op mc«aY 
conpHraeMbiMM nooepxnocrnMii. nocne c6opKw o6ojioukm 1 c Tpy6ow 2 neimep nocTynaeT iia onepainuo 
cKpcnneuHH. CKpenneimc ocyiuecrsnjieTcn nocpeACTBOM j\c$op*Aauyui opjioft to conpHraeMbix A^^^ 
ooonoMKW 1 ww rpy6b! 2. J^ctjKipManwio mowho npoBOAWTb npw noMomw bwcormx AanneHMii jkwakocth, 
ra30B. ciioco6om koqkh, o6KaTKM, A°P HOOa,m51 APyrtix cnoco6oB. 

Ha <J)wr.l noKaoan oawii M3 BcrjMOJKHbix BapManroB citpenneiaui ncibiepa. b kotodom ooono^Ka 1 



joroToaneHa ro MCTarma c mchmuhm npc^enoM ynpyrocTH, a Tpy6a 2 to Mcran/ia c (kuibmuM npc^tnoM 
ynpyrocTH. B npHae^eHHOM cnyuae nnacnwecKOM Ae^opMankm noABepraiar o6onomty 1. flnn 3tofo ua 
MeTajmopesyc^eM o6opyA°BaHHM. HanpHMep. ropn30HTajibHO-pacro*moM craHse b DepT/nomHOfi 6a6Ke 
vrzpfijma. no och craiaa ycraHaanMBaioT ooKafUoii HHCTpyMeirr c A e 4* ) P MM Py iolI * MMM panMKaMU 3. B 
crc6c/ib craHKa ycTaHaajniBaiOT onpaaxy 4, Ha KOTopoii nocpe^cTBOM un-H<{rra 5 aaKpeiuiHxrr /icitHcp. 

nocne HacrpoMKM A^opMMpyioimcx parmKOB 3 Ha paaMep MeHbme HapyjKHoro ^naMerpa ooonomiH (pa3Mep 
no pfi^ophatpytousyoA poriMKaxi onp^cnHercH 3KcnepHMCHTanbH0, b 3aBKCHViocro or A HaMeT P a neiiHepa, 
xojimHHb* creHOK oocjiomkm 1 h Tpy6bt 2 h MexaHMuecKHX ceofiCTB Meranna) pacKainoMy HHCTpyMarry 
coo6u;ajoT Bpaina-renbHoe RBumeme V, a nefmepy nocrynaTenbHoe S, BbmonHHioT nnacrafMecKyio 
AetfcopMamoo o6onoMKH 1 h ynpyryio A«<J>opManjoo Tpy6bi 2. 

B CB50H c paam wHUMH MexamwecKHMH csoMCTBaMH MeTaruiOB o6ojiowkh 1 h Tpy6bi 2 b odojio^iKe 
npoH30H^yT ruiacTHMCCKHe Ae4>opMauwM, b pe3ynt>TaTe vero HapyjBHbiH h BHyTpeHHHM /^awerpw 
yMeHbmaTcn, a b ipy6e 2 nporooH^yT ynpyrae ^e)»opMau^iH, r^e nocne chhtkr Harpy3Kn napauerpbi 
rpy6bi BOOBpaTHTca b nepBOHananbHoe nonoxeime, npn 3T0M. npoH3o^er 6c33a3opHoe h k a uecTBCHHoe 
CRpenneHne jietaepa. 

Ha 4>nr. 2 H3o6pajseH opyat to B03uoxHbix BapwaHTOB CKpenneinaH JieimepoB, b KoropoM o6aaoMKa 1 
TOTOTOBJieua to Merajuia c (xmwmiM npc^eJioM ynpyrocTH. a Tpy6a 2 to Meranjia c MeHbuncM npeAenoM 
ynpyrocTH. 

JleiiHep ycraHaanMBaioT Ha npoTfOKHOH craHOK c ynopow b npucnoco&n eHue 6 oahmm to TopueB. B 
OTBcpcrwe Tpy6bi 2 bbo/jht onpasKy 7, Ha Bbixojj b Koropyio BBopawBaioT A°P" 8- A°P H no HapymHOMy 
n^iaMerpy BbmonHCH Ha pa3Mcp 60 ji bine pa3Mepa BHyrpeHHero AwaMerpa Tpy6bi 2. BemraHHa Harara flopHa 
8 b oTBepcTHM Tpy6bi 2. ksk w b npeflbiAymeM cnyuae. onpeAenHercH 3KcnepnMeHTanbH0. ripu BKJiioneHHM 
onpaHKH 7 no^a™ S dpotoboaht nnacnraecKyio jxpfyoputaxtyGo xpy6bi 2 h ynpyryw ^pMaujno ooono^oui 1. 
npHBOAHngix k 6e33a3opnoMy h KawecTBeHHOMy cKpenjieHJoo ooanonKM 1 c Tpy6oii 2, kbk h b npeA^AY 11 ^ 
c/iywae. 



Claims [QopMy/ia H3o6peremi5il 



Cnoco6 M3TOTOBJieHMH neMHepoB. BKjno^aiomMM H3ixrroaneHHe Tpytfbi h o6anown. c6opKy mx ffpyr c ApyroM 
nyrew ycraHOBKn rpy6bj o o6anonKy c aaoopoM u nocnejgriomee ruiacmreecKoe A«J»pMwpoBaHne oahoh 113 
co6paHHbix fleTaneft. oTjnraaiomHiiCR tcm. *rro Tpy6y h o6ono^Ky xraroraBJiHBaioT in weranJiOB c pa3Hboi 
npe^eJiOM ynpyrxxmi. a nnacrwHecKou f\etyopMaixpn no/jeepraioT ^era/ib, sororoaneHHyio 10 Meran/ia c 
MCHhimw npcAenoM ynpyrocni. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 



Drawings 
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Fig. 1 
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Fig. 2 
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